SETTING: Urban teaching hospital. RESULTS: Of 85 resident physicians, 66 completed the survey (mean age, 31 years; 47% men; 33% in first residency year). Most respondents categorized glucose control as ''very important'' in critically-ill and perioperative patients but only ''somewhat important'' in non-critically-ill patients. Most residents said they would target a therapeutic glucose range within the recommended levels. Most residents (88%) also said they felt ''very comfortable'' or ''somewhat comfortable'' using subcutaneous insulin therapy, whereas some were ''not at all comfortable'' with either subcutaneous (11%) or intravenous (18%) administration. In general, respondents were not very familiar with existing institutional policies and preprinted order sets. The most commonly reported barrier to management of inpatient hyperglycemia was lack of knowledge about appropriate insulin regimens and their use. Anxiety about hypoglycemia was only the third most frequent concern. KEYWORDS: diabetes, hospitalizations, medical education, practitioner attitudes.
CONCLUSION:
O ngoing surveillance indicates that the number of hospitalizations involving patients with a diagnosis of diabetes mellitus is increasing in the United States. 1, 2 Hospitalized patients with hyperglycemia have worse outcomes (eg, greater mortality, longer length of stay, and more infections) than those without high glucose levels. 3, 4 The rate of adverse outcomes associated with hyperglycemia can be decreased with improved management. all hospitalized patients regardless of whether they have a known diagnosis of diabetes. 3, 4 Practitioners continue to debate the exact glucose targets that should be attained for inpatients; 5, 6 however, there is more to inpatient hyperglycemia management than just trying to achieve a specific glucose range. Caring for patients with diabetes in the hospital is complex and must also encompass patient safety, but many practitioners perceive a state of ''glycemic chaos'' in the hospital. 7 Because many physicians frequently overlook diabetes and glucose control in the hospital, appropriate therapeutic responses to hyperglycemia do not occur. [8] [9] [10] National, 11, 12 state, 13 and specialty societies 3, 4, 14 are working to improve care for hospitalized patients with hyperglycemia. A recent consensus conference emphasized the need to develop broad-based educational programs to increase awareness about the importance of inpatient glycemic control and to develop a standardized set of tools for hospitals to use to improve care. 4 However, there is ongoing concern about the slow pace at which hospitals are implementing recommendations about glycemic control. 4 Intensive and prolonged educational efforts about the importance of glycemic control will be essential ingredients of any quality improvement effort designed to create ''glycemic order'' out of ''glycemic chaos'' in the hospital. 15 Before educational interventions and policies directed at improving the management of hyperglycemia in hospitalized patients can be developed, institutions need to gain a better understanding of how clinicians view the importance of inpatient glucose control and which barriers they perceive as constraints to their ability to care for inpatients with hyperglycemia.
At Atlanta Medical Center (AMC), the large urban teaching hospital where this study was conducted, the glucose control team detected resistance to changes that were implemented to improve the hospital's quality of glycemic control; 16 this observation led to a desire to gain more information about practitioner attitudes regarding inpatient glucose control management. Data on practitioner attitudes and beliefs about inpatient hyperglycemia are only now emerging and are limited to studies from a single institution. 17, 18 Thus, additional studies are needed to determine whether findings from these first studies are applicable to other types of hospital settings that have different inpatient populations. To gain additional insight into clinician beliefs about inpatient glucose control, we adapted a previously published questionnaire 17, 18 and used it to survey resident physicians training at AMC.
METHODS
Setting AMC is a community teaching hospital located in downtown Atlanta, Georgia, and it is a 460-bed tertiary care facility. All adult general medical and surgical specialties are represented, in addition to obstetrics and gynecology, a neonatal unit, a level 2 trauma unit, a stroke unit, and an inpatient rehabilitation unit. The inpatient population is mostly minority in mix, with 45% African American, 37% Caucasian, 12% Hispanic, and 6% other races. 16, 19 Various types of practitioners provide patient care at AMC, including postgraduate trainees (resident physicians), graduate medical education faculty, physician assistants, and nurse practitioners.
Description of Survey
A previously published survey instrument (the Mayo Clinic Inpatient Diabetes Attitude Survey) was adapted for this project. 17, 18 The survey was developed by a team of endocrinologists and primary care physicians with the assistance of our institutional experts in survey design; it was then piloted and submitted to iterative cycles of review and revision. 17 The survey was used to assess beliefs first among resident physicians 17 and then among midlevel practitioners at the same facility. 18 The survey tool was specifically developed to evaluate perceptions of practitioners about inpatient glucose management, including beliefs about the importance of glucose control in the hospital, optimal glucose targets, and barriers to the successful treatment of hyperglycemia. Additionally, the questionnaire was previously used to solicit residents' perceptions about the proportion of their inpatient practices represented by diabetes patients, their beliefs regarding whether patients were achieving their glucose targets, their degree of comfort with managing hyperglycemia and using insulin therapy, and their familiarity with existing institutional policies and preprinted insulin order sets. 17, 18 The questionnaire was expanded from its original version to include questions about the use of intravenous insulin.
Survey Participants
As in most academic teaching facilities, at AMC resident physicians treat many of the inpatients who have a diagnosis of diabetes, making the residents an important group to target for educational programs focused on inpatient glucose management. Thus, the audience for this survey included only resident physicians who had ongoing inpatient responsibilities so that the data could be used to assist in educational planning strategies for increasing awareness and improving treatment of inpatients with hyperglycemia. We identified 85 residents who met the inclusion criteria, and we conducted the survey from March to April 2007.
Data Analysis
Written surveys were collected and entered into SurveyTracker version 4.0 (Training Technologies, Inc., Lebanon, Ohio) for analysis. We then examined the distribution of responses to individual questions. Finally, we listed the frequency of expressed barriers to inpatient glucose management from most common to least common.
RESULTS

Respondent Demographics
Sixty-six of 85 residents (78%) responded to the survey. The mean age of the respondents was 31 years, 47% were men, 33% were in their first year of residency training, and 73% had graduated from medical school during the year 2002 or later. The residents represented the following departments: 41% from internal medicine (n 5 27), 18% from family medicine (n 5 12), 15% from general surgery (n 5 10), 12% from orthopedics (n 5 8), and 14% from obstetrics and gynecology (n 5 9).
Perceptions About Inpatient Burden of Diabetes
When asked to estimate the percentage of their hospitalized patients who were considered to have a diagnosis of diabetes or hyperglycemia, 14% of the residents indicated that 0% to 20% of their hospitalized patients were in this category, 30% of the residents estimated that 21% to 40% of their inpatients were in this group, and 25% of the residents believed that such a diagnosis applied to 41% to 60% of their inpatients. Additionally, 23% of the residents said that 61% to 80% of their inpatients were considered to have a diagnosis of diabetes or hyperglycemia, 3% of the residents estimated that 81% to 100% of their hospitalized patients had such a diagnosis, and 5% of the residents were unsure. Thus, respondents perceived that diabetes constituted a substantial portion of their inpatient practices, with 50% of the residents estimating that more than 40% of their hospitalized patients had a diagnosis of diabetes or hyperglycemia and nearly 25% of responding residents believing that more than 60% of their inpatients had the same diagnosis.
Views on the Importance of Glycemic Control Most resident physicians believed that good glycemic control was important in hospitalized patients (Table 1) ; 97% believed that it was ''very important'' to have tight glycemic control in critically-ill patients, 72% emphasized that it was ''very important'' in non-critically-ill patients, and 85% indicated that it was ''very important'' during the perioperative period. Nearly all residents believed that it was important to achieve good glycemic control in pregnant patients (Table 1) .
Comfort With Treatment and Management
Survey participants were asked how comfortable they felt about different scenarios pertaining to inpatient glucose management (Table 1) . Although more than 40% of respondents indicated that they felt ''very comfortable'' treating hyperglycemia and hypoglycemia in the hospital, a large proportion (50% or more) also indicated that they were only ''somewhat comfortable'' or ''not at all comfortable'' treating these conditions. Similarly, in response to questions about their degree of comfort working with subcutaneous or intravenous insulin, more than 50% of trainees were only ''somewhat comfortable'' or ''not at all comfortable.'' Finally, most were ''not at all comfortable'' with the use of insulin pumps in the hospital (Table 1) .
Familiarity With Existing Policies and Procedures
Most of the trainees indicated that they were ''not at all familiar'' with existing hospital policies and orders pertaining to insulin pumps (Table 1) . Most respondents were only ''somewhat familiar'' with the institutional hypoglycemia policy, but a substantial percentage (32%) were either ''not at all familiar'' or even unaware that an institutional hypoglycemia policy existed. Similarly, most were only ''somewhat familiar,'' ''not at all familiar,'' or even unaware of orders or policies pertaining to use of subcutaneous or intravenous insulin (Table 1) .
Beliefs About Glucose Targets and Hypoglycemia
When asked to indicate the target glucose levels that they would like to achieve, most resident physicians indicated that good glycemic control meant a target range of 80 to 110 mg/dL for critically-ill patients and for perioperative patients. For non-critically-ill patients, targets were split between a target range of 80 to 110 mg/dL and 111 to 180 mg/dL. Trainees rarely suggested targets greater than 180 mg/dL (Table 1) . Most respondents believed that they were achieving their glycemic goals in 41% to 60% of their patients (Fig. 1A) . More than half (56%) perceived that they were achieving their glucose targets in more than 40% of their diabetes patients. When asked at what glucose level they first considered the patient to be hypoglycemic, half of the respondents chose <60 mg/dL (Fig.  1B) , although some had even lower cutoffs before they considered someone to have a diagnosis of hypoglycemia.
Thresholds for Starting Intravenous Insulin
For both critically-ill and non-critically-ill patients, most resident physicians indicated that they would wait until the glucose level was greater than 180 mg/dL before starting an insulin infusion (Table 1) . Likewise, obstetrics residents identified a glucose level greater than 180 mg/dL as a threshold to start intravenous insulin in pregnant patients.
Perceived Barriers to Care
The survey concluded with a question that asked resident physicians to choose from a list of factors they perceived as obstacles to inpatient glucose management. The 5 most frequently chosen obstacles, from most common to least common, were as follows: ''knowing what insulin type or regimen works best,'' ''fluctuating insulin demands related to stress'' and ''risk of causing patient hypoglycemia'' (cited with equal frequency), ''unpredictable changes in patient diet and meal times,'' and ''unpredictable timing of patient procedures'' ( Table 2) .
DISCUSSION
In recent years national and regional organizations have focused greater attention on the management of hyperglycemia among inpatient populations by introducing and promoting guidelines for better care. 3,4,11-14 A consensus conference in 2006 urged hospitals to ''move rapidly to make euglycemia a goal for all inpatients and to make patient safety in glycemic control a reality. . . .'' 20 AMC has already taken some steps toward understanding and improving its hospitalbased care of hyperglycemia, including understanding the mortality associated with hyperglycemia within the institution and implementing a novel insulin infusion algorithm. 16, 19 Before hospitals can develop high-quality improvement and educational programs focused on inpatient hyperglycemia, they will need more insight into their clinicians' views on inpatient glycemic control and the perceived barriers to successful treatment of hyperglycemia. However, the only data that have been published about practitioner attitudes on inpatient diabetes and glycemic control are from a single institution. 17, 18 Thus, analyses should be broadened to include different types of hospital settings to determine common beliefs on the topic.
AMC is very different from the hospital facility where earlier studies on physician attitudes about inpatient glucose management were conducted. 
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Whereas the site of the earlier studies is located in the Southwest and has a diabetes inpatient population that is primarily white, AMC is an urban hospital in the Southeast whose diabetes inpatient population is primarily minority. 21 Despite the institutional, geographic, and patient population differences, however, results of the current survey suggest that there may be similar beliefs among practitioners about inpatient glucose management as well as common knowledge deficits that can be targeted for educational interventions.
Similar to the resident physicians surveyed in previous studies, 17, 18 AMC resident physicians considered diabetes to be a substantial part of their inpatient practices: 56% of respondents believed that more than 40% of their inpatients had a diagnosis of diabetes. Historically, the prevalence at AMC of hyperglycemia has been about 38% and the prevalence of diabetes about 26%. 19 The increasing number of hospital dismissals attributable to diabetes likely has increased the inpatient prevalence of the disease at AMC as well, but very high rates perceived by some residents (eg, 81%-100%) are likely not accurate. Nonetheless, this perception of such a large burden of diabetes clearly substantiates the need to provide pertinent information and essential tools to clinicians for successful management of hyperglycemia in hospital patients. We also established that most AMC resident physicians who were surveyed believed that good glucose control was ''very important'' in situations relating to critical illness or noncritical illness. For most respondents, good glucose control was also ''very important'' in the perioperative period. This finding suggests that the trainees understand the importance of good glucose control in such situations.
In keeping with findings from previous studies, 17, 18 respondents to this survey indicated glucose targets that would be well within currently existing guidelines. 3, 4 Glucose management training might be improved by conveying whether actual glucose outcomes match residents' perceived achievement of glycemic control.
Insulin is the recommended treatment for inpatient hyperglycemia, 3 ,4 yet residents' responses reflected concern about insulin use. The most commonly noted issues, cited with equal frequency, were related to insulin use: ''knowing what insulin type or regimen works best'' and ''fluctuating insulin demands related to stress/concomitantly used medications.'' Our survey did not evaluate whether residents had different degrees of comfort with different subcutaneous insulin programs (eg, sliding scale versus basal-bolus). Future surveys could be modified to better hone in on evaluating self-perceived competencies in these areas.
Given the increasing complexity of insulin therapy, resident physicians' perception of insulin administration as the top barrier to inpatient glucose management may not be surprising. 17, 18 The number of insulin analogs has increased in recent years. Moreover, numerous intravenous insulin algorithms are available. 22, 23 Errors in insulin administration are among the most frequently occurring medication errors in hospitals. 24 To address patient safety and medical system errors in the fields of diabetes and endocrinology, the American College of Endocrinology published a position statement on the topic in 2005. 25 Guidelines about when to initiate insulin therapy, how to choose from numerous insulin treatment options, and how to adjust therapy in response to rapidly changing clinical situations will have to be integrated into any effort to improve inpatient glucose management. One study indicated that an educational process focused on teaching residents about insulin therapy can be successful. 26 Clinician fear of hypoglycemia is often perceived as the primary obstacle to successful control of inpatient glucose levels; 3, 27 however, this was not the chief concern expressed by either AMC resident physicians or by practitioners surveyed in prior studies. 17, 18 Emerging data suggest that hypoglycemia in the hospital is actually uncommon. 21, 28 As hospitals intensify hyperglycemia management efforts, hypoglycemia and concerns about its frequency of occurrence will most likely increase. No consensus exists regarding the number of hypoglycemic events that are acceptable in a hospitalized patient. The American Diabetes Association Workgroup on Hypoglycemia has defined hypoglycemia as an ''(arterialized venous) plasma glucose concentration'' of less than or equal to 70 mg/dL. 29 As a group, residents surveyed for the current study were not consistent in their definition of hypoglycemia.
The residents at AMC also reported potential obstacles to care besides insulin management that suggest system-based problems. ''Unpredictable timing of patient procedures'' and ''unpredictable changes in patient diet and mealtimes'' were among the 5 most frequently cited concerns. Other concerns included ''patient not in hospital long enough to adequately control glucose'' and ''shift changes and cross-coverage lead to inconsistent management.'' These findings are identical to those of prior studies 17, 18 and suggest systembased problems as common barriers to inpatient glucose management. Some of these obstacles, such as length of hospital stay and timing of procedures, would be difficult to reengineer. However, other aspects, such as adjusting therapy to mealtimes and ensuring standardization of treatment across shifts, could be addressed through institution-wide education and changes in policies.
As in previous studies, another major finding that emerged from this survey was the lack of resident physician familiarity with existing policies and procedures related to inpatient glucose management. AMC has a longstanding policy on hypoglycemia management and has preprinted order sets for subcutaneous insulin. AMC has implemented a revised insulin infusion algorithm 16 in addition to a policy and an order set for the use of insulin pumps. 30 There are no specific data on how many patients receiving insulin pump therapy are hospitalized, but these patients are likely to be encountered only rarely in the hospital setting. Hence, it may not be surprising that residents are unfamiliar with policies pertaining to inpatient insulin pump use, but they should at least be aware that guidance is available. One of the first steps to enhancing and standardizing hospital glucose management may simply be to make certain that clinicians are familiar with policies that are already in place within the institution.
A limitation of this study is the small sample size. The results of the present study should not be extrapolated to nonresident medical staff such as attending physicians, but the questionnaire could be adapted, with minor modifications, to investigate how other health care professionals view inpatient glucose management. In addition, the questionnaire could be used to assess changes in beliefs over time. Future studies should be designed to correlate resident perceptions about their inpatient diabetes care and actual practice patterns.
More surveys such as the one reported on here need to be conducted in additional institutions in order to expand our understanding of practitioner attitudes regarding inpatient diabetes care. Data from the current study and previous ones suggest that practitioners share beliefs, knowledge deficits, and perceived barriers about inpatient glucose management. Most AMC resident physicians recognized the importance of good glucose control and set target glucose ranges consistent with existing guidelines. Knowledge deficits may be addressed by developing training programs that specifically spotlight insulin use in the hospital. As a first step to quality improvement, training programs should focus on familiarizing staff with existing institutional policies and procedures pertaining to hospital hyperglycemia. In addition, hospitals need to design strategies to overcome perceived and actual barriers to care so that they can realize the desired improvement in the management of hyperglycemia in their patients. We have already begun the development and implementation of educational modules directed at addressing many of these important issues.
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